Microsatellites were isolated and characterized in the northern house mosquito, Culex pipiens , a widespread pest species and important vector of diseases such as West Nile virus. An enrichment protocol yielded 150 positive clones. We designed primers to amplify 17 unique (GT) n microsatellites, eight of which amplified cleanly and were polymorphic. A survey of 29 individuals showed that these loci are highly variable with the number of alleles ranging from seven to 19 and expected heterozygosity ranging from 0.66 to 0.93. These markers will be useful for studies of population structure and intraspecific variation in epidemiological characteristics of Cx. pipiens .
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Culex ( Culex ) pipiens L. 1758 (Diptera: Culicidae), the northern house mosquito, is a common pest in urban and suburban areas and one of the most widely distributed mosquitoes in the world, occurring on every continent except Antarctica (Vinogradova 2000) . The recent spread of West Nile virus in North America has focused attention on this mosquito, which is considered one of the principal vectors of the disease there (Turell et al . 2001) . Culex pipiens is also a vector of St Louis encephalitis (Beaty & Marquardt 1996) , Rift Valley fever (Turell et al . 1996) and Japanese encephalitis viruses (Weng et al . 2000) . There is significant interest in understanding the population structure of this mosquito and genetic relationships among described variants of the species (e.g. var. ' molestus ') that differ in key epidemiological variables such as propensity to bite mammalian vs. avian hosts (Vinogradova 2000) . Microsatellite loci, powerful tools for such analyses, have been described for the southern house mosquito, Cx. quinquefasciatus Say 1823 (Fonseca et al . 1998) . Although these two Culex taxa are closely related, and the southern house mosquito was previously described as a subspecies of Cx. pipiens , we have found only a small portion of microsatellite loci from Cx. quinquefasciatus to amplify in Cx. pipiens . Here, we describe the isolation and characterization of microsatellite loci from Cx. pipiens .
Microsatellite loci were isolated using a modified version of the enrichment protocol described by Hamilton et al . (1999) . Approximately 2.5 µ g of genomic DNA, from 11 mosquitoes from Albany (NY, USA), was digested with Hae III, Mse I and Nhe I restriction enzymes (New England Biolabs). The resulting fragments of 200-1000 bp were digested with mung-bean exonuclease (New England Biolabs) to remove single-stranded overhangs and dephosphorylated using calf intestinal phosphatase (New England Biolabs). Double-stranded 'SNX' linkers were prepared by combining equal molar amounts of SNX-forward (5 ′ -CTAAGGCCT TGCTAGCAGAAGC-3 ′ ) and SNX-reverse (5 ′ -pGCTTCTGCTAGCAAGGCCTTAGAAAA-3 ′ ; 'p' indicates phosphorylation) oligonucleotides. The processed genomic DNA was blunt-end ligated to the doublestranded SNX linkers. The ligation was denatured and hybridized to biotin end-labelled (GT) 15 oligonucleotides at 65 ° C. Hybridization reactions were cleaned using Sephadex-filled columns (Princeton Separations), mixed with streptavidin-coated magnetic beads (Dynabeads) and incubated for several hours at 43 ° C, allowing the beads to bind to the biotin-labelled DNA fragments. Genomic DNA fragments not containing microsatellites were eliminated by washing. After each wash, the supernatant fluid to be discarded was removed from the beads using a magnetic separator (Dynabeads). Microsatellite-enriched, linkerligated genomic DNA was recovered from the beads by denaturation and made double-stranded by polymerase chain reaction (PCR) using the SNX-forward oligonucleotide as a primer (Hamilton et al . 1999 ). These PCR products were digested with Nhe I (New England Biolabs) to create four-base overhangs and ligated to Xba I-cut, dephosphorylated pBluescript II-SK+ plasmid (Stratagene). Ligations were transformed into Escherichia coli XL1-Blue MRF ′ supercompetent cells (Stratagene), plated on selective Luria-Bertani medium and colonies lifted with uncharged nylon membranes. DNA was fixed to the membranes which were then hybridized to biotin-labelled (GT) 15 oligonucleotide at 65 ° C and positive colonies were detected using the Phototope-Star Chemiluminescent Detection Kit (New England Biolabs). Approximately 1000 clones were screened, of which 150 gave a positive signal. Inserts from 53 positive clones were sequenced with T3 and T7 primers and scored using a capillary sequencer (Beckman-Coulter CEQ8000). We found 24 unique inserts that contained microsatellites and had sufficient flanking sequence for PCR primers. Primers were designed for 17 of these using primer 3 software (Rozen & Skaletsky 2000) ; primers were not designed for seven inserts containing extremely long microsatellites (> 25 repeats).
We successfully optimized PCR amplification of eight microsatellite loci and the variability of each locus was assessed in 29 individuals of Cx. pipiens from New York State, USA (Table 1) We observed seven to 19 alleles per locus and expected heterozygosities ranged from 0.66 to 0.93 (Table 1) . Statistical tests for Hardy-Weinberg equilibrium and linkage disequilibrium were conducted in genepop (Raymond & Rousset 1995) . After sequential Bonferroni correction for multiple tests, a significant deviation from Hardy-Weinberg equilibrium was observed for one locus, CxpGT12, with the heterozygote deficiency suggesting null alleles at this locus. All pairwise tests of linkage disequilibrium between loci were nonsignificant after sequential Bonferroni correction. We also tested the inheritance of all eight loci in †Locus CxpGT12 showed significant heterozygote deficit. F, forward primer; R, reverse primer; T a , optimal annealing temperature. Number of alleles, allele size range and observed and expected heterozygosity (H O and H E , respectively) were estimated from a sample of 29 individuals from New York State, USA. three family groups. In one family a significant departure from expected Mendelian patterns (χ 2 test, P < 0.01) was observed, at locus CxpGT4. This result was not significant after sequential Bonferroni correction. Furthermore, analysis of three additional family groups failed to reveal further significant departures from expected Mendelian ratios. However, given our initial observation of a nonMendelian pattern, we suggest caution with use of this locus, particularly for assessing parentage or kinship. Overall, these microsatellite loci are highly variable and suitable for population studies in Cx. pipiens.
